Eur^^ches Patentamt 
® 0))} European Patent Office ® Publication number: 

Office europeen des brevets 



EUROPEAN PATENT SPECIFICATION 



0142103 

B1 



(§) Date of publication of patent specification: 27.05,87 (3) Int. CI.*: B 01 J 8/06, C 07 C 154/00 
d) Application number: 84113109.7 
(g) Date of filing: 31.10.84 



@ Method for conducting a chemical process in a packed multi-step tubular reactor. 



Priority: 07.11.83 US 549150 



Date of publication of application: 
22.05.85 Bulletin 85/21 



Publication of the grant of the patent: 
27.05.87 Bulletin 87/22 



® Designated Contracting States: 
ATBECHDEFRGBITU NL 



References cited: 
US-A-3230055 
US-A-4119 659 



CO 

o 

CM 



Ul 



(g) Proprietor: STAUFFER CHEMICAL COMPANY 
Weetpbrt Connecticut 06880 (US) 

(§) Inventor: Aiesandrini, Carlo Galileo, Jr. 
1617 Jaynes Street 
Berkeley, CA 94703 (US) 
Inventor: Nady, Louie Akos 
1825 Hopkins Street 
Berkeley, CA 94707 (US) 



(g) Representative: Jaeger, Klaus, Dipl.-Chem. Dr. 
etal 

JAEGER 8i PARTNER PatentanwSlte 
Pippinplatz 4a 
D-8035Gauting (DE) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may 
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall 
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been 
paid. (Art. 99( 1 ) European patent convention). 



Courier Press. Leamington Spa. England. 



1 0 

Description 

Background and prior art 

This invention relates to an improved method 
for conducting a chemical process in a multi- 
tubular vessel containing a plurality of packed 
vertically arranged tubes. In particular, this inven- 
tion relates to an Improvement in conducting a 
process in such a vessel In which a feed which 
contains at least one liquid is introduced into the 
vessel and in which at least one liquid product 
and at least one gaseous product are obtained. In 
such processes, the gaseous product may be, for 
instance, a gas which had been also introduced as 
a feed or which was dissolved in the liquid and is 
recovered as a vapor from the vessel, a liquid 
introduced as feed which becomes vaporized 
dunng the conduct of the process, or a gas 
produced by a chemical reaction of the liquid feed 
or between the liquid feed and another reactant 
introduced. Similarly, the liquid product obtained 
may be a portion of the liquid feed which, for 
instance, was not reacted in the vessel, or a liquid 
product obtained by reaction of the liquid feed 
with another reactant 

Examples of processes which may be generally 
carried out In packed multi-tubular reactors are 
those which are exothermic or endothermic such 
as hydrocarbon reforming, cyclization, dehyd- 
rogenation, desulfurization and dehydration. The 
packing may include one or more catalysts known 
to effectuate such reactions. 

Generally, heat transfer to or from the tubes is 
accomplished through the use of gaseous or 
liquid heat transfer fluid in the shell space 
surrounding the tubes. 

When operating such chemical processes In 
vessels containing a plurality of vertically 
arranged packed tubes, generally speaking, one 
of two methods of operation are utilized, which 
are illustrated in Rgures 1 and 2. 

According to Rgure 1 a liquid feed is introduced 
in line 1 into a vessel or reactor 2 which contains a 
plurality of vertically arranged packed tubes 3. 
The liquid feed, optionally together with other 
feeds, is forced to flow downwardly through the 
tubes and the packing contained therein, and ail 
products, liquid and gaseous, are removed from 
the lower portion of vessel 2 via line 4. The liquid 
and gaseous products contained in line 4 are then 
sent for further processing. One example of such 
is shown in Figure 1, in which the liquid and 
gaseous products in line 4 are introduced into a 
liquid/gas separator 5, with gaseous product 
being removed via line 6 and liquid product via 
line 7. 

A second method of operation of such pro- 
cesses is depicted in Rgure 2. In this technique, a 
feed containing at least one liquid is introduced 
via line 10 into a vessel or reactor 11 containing a 
plurality of vertically arranged packed tubes 12. 
The feed, and products produced therefrom, are 
forced to flow upwardly through the tubes 12 and 
are removed at the upper portion of the vessel in 
line 13. As in Figure 1, these products in line 13 
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are transmitted for further processing, for in- 
stance, passed into a liquid/gas separator 14 from 
which gaseous product is removed via line 15 and 
liquid product in line 16. 
5 One example of a process conducted as in 
Rgure 2 is described in U.S. Patent 3,230,055, 
which describes an apparatus and method for 
continuously contacting a gas and liquid in pre- 
determined proportions, particularly for carrying 
w out iiquid/gas phase chemical reactions. 

Another process of such type is described In 
U.S. Patent 4,1 19,659, which pertains to a process 
for producing a series of chlorothioformate com- 
pounds by reaction of a mercaptan with 
ts phosgene. 

Conducting processes by means such as de- 
scribed above and in Figures 1 and 2 possesses 
certain disadvantages, particularly associated 
with lack of uniformity of distribution (and reac- 
20 tion) in the various tubes of the vessel and 
possible lack of good heat transfer (either addi- 
tion of heat to or removal of heat from the tubes). 

For instance, when operating with forced down- 
flow and removal of all products from the lower 
25 portion of the vessel as in Rgure 1, the tubes will 
function as miniature trickle bed reactors because 
of the gases produced. This results in con- 
siderably less efficient transfer of heat to or from 
the tubes than is desired. In addition, liquid may 
30 flow more rapidly into and down the tubes 
located closer to the liquid inlet or inlets than 
tubes located further away. In such operations, 
therefore, there may be a lack of uniformity of 
conditions from tube to tube, and a somewhat 
35 inefficient use of tubes, since some will carry 
more of the process load than others. Transfer of 
heat to or from tubes will similariy be nonuniform 
and thus generally less efficient This may result 
In poor control of this reaction; the yield may be 
40 reduced, and/or undesired by-products may be 
formed. 

Additionally, if the process to be conducted is 
one which involves a comparatively long reac- 
tion, the reactants may flow through the tubes too 
45 quickly, and reaction may not be complete. 

Operation of such processes according to Rg- 
ure 2, that is with introduction of liquid feed into 
the lower portion of the vessel and removal of 
liquid and gaseous products from the upper 
50 portion, can result in improved performance. 
However, there may still be a nonuniform utiliza- 
tion of the tubes in the vessel. If for any reason the 
rate of reaction varies from tube to tube, an 
imbalance may occur. The tubes with the most 
55 reaction, and therefore the greatest rate of gas 
generation, will have the lowest pressure drop, 
which is dependent on the proportion of gas to 
liquid within each tube. More feed therefore will 
flow to these tubes, which then generate gas 
60 faster, and experience a temperature rise, and 
because of the low pressure drop, liquid will feed 
quicker to these tubes than to the others. The 
result can be that the flow rates may vary widely 
from tube to tube, with some tubes having very 
65 high flow rates, while others, very low ones, 
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possibly extending to zero or negative flow rates 
(i.e., liquid circulates downwards rather than up- 
wards). 

In either type of process according to the prior 
art, nonuniform distribution and flow of materials 
through the tubes can result in lower than desir- 
able conversion of liquid feed to desired product, 
and possibly increased production of unwanted 
by-products. Control of temperature and heat 
transfer to and from tubes becomes more difficult 
Temperatures can vary from tube to tube and 
affect efflciency^nd heat utilization of processes in 
general. If the reaction being conducted is 
temperature-sensitive, undesirable or less advan- 
tageous operational results can occur. 

It is an object of the present invention to provide 
an improved method for operating a chemical 
process in a vessel or reactor containing a plurality 
of vertically arranged packed tubes, in which a 
liquid feed is introduced into the vessel, and in 
which at least one liquid and at least one gaseous 
product are obtained, which improves the per- 
formance of the process with respect to stability 
and uniformity of distribution of materials through 
the tubes and uniformity of heat transfer. 

A secondary objective of this invention is to 
provide such an improved process for use in the 
production of chlorothioformates which are 
liquids, by reaction of a liquid mercaptan with 
phosgene, which may be in liquid or gaseous 
form, and in which gaseous products such as 
hydrogen chloride and optionally phosgene are 
obtained. 

Summary of the invention 

This invention comprises a method for conduct- 
ing a liquid phase chemical process in which a feed 
containing at least one liquid is introduced into a 
vessel containing a plurality of packed, vertically 
arranged tubes, and .in which at least one liquid 
product and at least one gaseous product are 
obtained, comprising: 

a) introducing the liquid feed into the vessel at a 
point above the upper ends of the tubes; 

b) removing a gaseous product from the upper 
portion of the vessel, above the upper ends of the 
tubes; and 

c) removing a liquid product from the lower 
portion of the vessel in a controlled manner so as 
to maintain the level of liquid in the vessel above 
the upper ends of the tubes substantially through- 
out the interior of the vessel. 

Brief description of the drawings 

Reference will be made herein to the drawings, 
in which: 

Figure 1 represents a general flow scheme for 
one prior art technique for carrying out such a 
process, in downflow operations; 

Figure 2 represents a second technique in the 
prior art for carrying out such a process, in upflow 
operations; 

Rgure 3 schematically represents a general 
process carried out according to the present 
invention; 



Figure 4 schematically represents a process 
carried out according to one embodiment of the 
invention; 

Rgure 5 schematically represents a process 
5 carried out according to another embodiment of 
the invention; and 

Figure 6 represents a more detailed schematic 
diagrann of a means for carrying out a process 
according to the present invention, particulariy for 
10 the production of liquid chlorothioformates by 
reaction of a liquid mercaptan with phosgene. 

Detailed description of the invention 
The conduct of processes according to the 

15 invention will be described with reference to 
Rgures 3—6. 

The process Is carried out in a vertically situated 
vessel or reactor, designated generally as 21 . In the 
upper portion of the vessel 21 is a liquidA/apor 

20 disengagement zone 23. Within the vessel are 
situated a plurality of vertically arranged tubes 22 
which are held in place by upper and lower tube 
sheets 22a and 22b, respectively. The tubes are 
packed essentially from top to bottom with a 

25 particulate solid material. If the chemical process 
to be carried out is enhanced by the use of a 
catalyst, the particulate material may contain 
catalytic material, eitherperse, or supported on an 
inert particulate support. If the process to be 

20 carried out does not require the presence of a 
catalyst, the particulate material may be some 
inert material which enhances in some other way 
the conduct of the process, for instance a packing, 
an adsorbent, an absorbent, an ion exchange 

35 resin, etc. 

A liquid feed, vyhich may be a single liquid, a 
mixture of liquids, or a mixture of one or more 
liquids with one or more gases, is introduced into 
the upper portion of the vessel 21 via line 20, above 

40 the upper tube sheet 22a, The liquid, together with 
such other feeds as may be introduced, is caused 
to flow downwardly through the packed tubes 22. 
A liquid product, which may comprise an original- 
ly fed liquid, a liquid produced by a chemical 

45 reaction within the packed tubes 22, or a mixture of 
two or more such liquids, is withdrawn from the 
lower portion of the vessel, below the lower tube 
sheet 22b, via line 25 which includes a vertical 
upleg 26. 

so The liquid product in line 25 is passed to a 
downstream section 27 for further processing, 
such as conducting a further reaction, or separ- 
ating liquid products. A final desired liquid product 
is obtained and withdrawn via line 28. 

55 A gaseous product, which may be a gas original- 
ly introduced along with the liquid feed in line 20 
(e.g., dissolved in the liquid), a vaporized liquid 
introduced through line 20, a gaseous product 
produced by a chemical reaction in the packed 

eo tubes 22, or a mixture of two or more of the above, 
is withdrawn from the upper portion of reactor 21 
in line 24, and may similarly be passed down- 
stream for further processing as desired. Most 
preferably, the gas is withdrawn at a point above 

55 the liquid inlet or inlets. 
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In a preferred embodiment the process accord- 
ing to the present invention is carried out con- 
tinuously, with continuous introduction of a liquid 
feed in line 20, continuous withdrawal of a liquid 
product in line 25, and continuous withdrawal of a 
gaseous product in line 24. However, the process 
may also be carried out batch-wise. 

The conduct of the process is accomplished in 
the liquid phase, by maintaining the packed tubes 
22 essentially uniformly filled with liquid, by 
causing the reactor to become flooded with 
liquid, while the gaseous product or products, 
whether originally introduced, or generated in the 
packed tubes, passes upwardly through the liquid 
and is removed as overhead from the vessel. The 
liquid level in the vessel is maintained above the 
upper ends of the tubes substantially throughout 
the interior of the vessel in order to keep the tubes 
filled with liquid. 

The flooding of the tubes with liquid is accom- 
plished by controlling the removal of liquid from 
the reactor in line 25 to provide a sufficient back 
pressure on the liquid, causing the liquid to back 
up and overflow through the upper ends of the 
tubes 22 into the space above tube sheet 22a. The 
same back pressure causes the gaseous product 
to flow upwardly through the tubes rather than 
cocurrently downward with the liquid, as in the 
prior art (Cf. Rg. I). The inlet through which the 
liquid is introduced in line 20 may be above or 
below the liquid surface in the upper portion of 
vessel 21. Most preferably, for best distribution, 
the liquid in line 20 is introduced into the vessel 
through a multiplicity of inlets arranged circum- 
ferentiaily around the upper portion of the vessel, 
above the upper tube sheet The removal of the 
liquid in line 25 may be controlled by a number of 
means, including loop seals, preferably by a 
regulated upleg 26 on the liquid take-off line 25. 
Preferably the control of the liquid removal in line 
25 is performed in response to signals from one 
or more sensing devices located in the upper 
portion of the vessel 21, above the upper tube 
sheet which indicate the height of the liquid level 
in this upper portion. In one embodiment the 
liquid removal in line 25 may be controlled auto- 
matically by computer process controls (not 
shown), in response to such signals. Regulation 
of the liquid in this manner can be performed by 
conventional flow regulators, including loop se- 
als, valves, eta, installed in line 25. 

Another means of controlling the liquid is to 
regulate the liquid in the upleg mentioned above 
at a high enough level so that the value re- 
presenting the product of liquid density multi- 
plied by liquid height in upleg 26 is equal to the 
value of liquid density multiplied by liquid height 
in tubes 22. Once this balance is adjusted for a 
particular reaction at steady state, the control of 
liquid level may be performed without the use of 
electrical or mechanical devices. Such operation 
is exemplified by figure 4. The densities of the 
liquids in the tubes 22 (d,) and in line 25 (da), 
respectively, are measured by conventional 
means, or are calculated after measuring a dif- 



ferential pressure across a given height, the 
height h, of the liquid in the tubes 22 is measured, 
and the height hj of upleg 26 is set to balance the 
equation htdis^hada. 
5 A similar method of operation, with down- 

stream processing in a unit 27, is shown in Rgure 
5. The overall height of liquid (hz) in upleg 26, unit 
27 and takeoff line 29 is determined so as to 
balance the equation as above. 

fO The process may be started up by first introduc- 
ing liquid into the vessel through line 20 while 
maintaining a controlled removal of liquid (unpro- 
cessed) In line 25 until the liquid level in the vessel 
is above the upper tube sheet At this point a 

rs reaction or other process may be commenced by, 
for instance, Increasing the temperature within 
the reactor, or introducing an additional reactant 
into the feed. 
Removing the liquid in a controlled manner as 

20 described results not only in flooding the tubes 
with liquid, thus maintaining uniformity of flow, 
but in causing the gas product to pass upwards 
through the tubes and out of the reactor via line 
24 rather than downwardly or along with the 

25 liquid in the outlet line 25. Such control, and 
causation of the gas flow upwards, results in a 
more uniform and thorough mixing of liquid and 
gas as well as more ready separation of the two in 
the vessel 21, facilitating the separate removal of 

30 liquid and gaseous products from the vessel. It 
further provides good heat transfer throughout 
the tubular zone. 

For production of a liquid chlorothioformate by 
reaction of a liquid mercaptan with phosgene 

35 (which may be in a gaseous and/or liquid state) 
the process may be conducted as shown in Figure 
6. 

The chloroformates desired are those having 
the formula RSCOCI in which R is alkyi, lower' 

40 cycloalkyl, lower cycloalkyl-methyl, lower alkenyl, 
phenyl, chloro-substituted phenyl, benzyj, or 
chloro-substituted alkyI in which the chloro sub- 
stituent is situated at least as far as the gamma 
carbon atom, with respect to the sulfur atom. 

45 Process conditions for the production of such 
compounds by reaction of mercaptans with 
phosgene are contained In U.S. Patent 4,119,659. 
The process will be described with reference to 
the production of ethyl chlorothioformate by reac- 

so tion of ethyl mercaptan with phosgene, but is 
applicable to the production of chlorothiofor- 
mates of all the general types mentioned above, 
utilizing the appropriate mercaptan. 
A feed comprising liquid ethyl mercaptan, 

55 phosgene (preferably in the liquid state), and 
optionally a liquid recycle as described herein- 
after, is introduced via line 20 into the upper 
portion of a cylindrical reactor 21 which contains 
a plurality of vertically arranged tubes 22 held 

60 between an upper tube sheet 22d and a lower 
tube sheet 22b. The tubes 22 are packed with 
activated carbon catalyst of an appropriate size 
such that each tube functions in the conventional 
manner as a miniature packed bed reactor. 

65 The liquid feed in line 20 is introduced into the 
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upper portion 23 of reactor 21, above the upper 
tube sheet, preferably through a plurality of inlets 
arranged circumferentially around the reactor. 
The liquid is caused to flow downwardly through 
the tubes, while a pool of liquid is maintained in 
the upper portion of reactor 21 above the upper 
ends of tube 22 and the upper tube sheet 22a. In 
the paclced tubes, mercaptan and phosgene react 
resulting in the production of liquid ethyl 
chlorothioformate and gaseous hydrogen 
chloride. Additionally, some phosgene may be 
vaporized in the tubes. The gaseous product or 
products formed pass upwardly through the 
tubes 22, through the vapor/liquid disengage- 
ment zone 23, and are removed from the reactor 
in overhead line 24. These gaseous products are 
then passed downstream for further processing 
such as recovery of hydrogen chloride produced 
in the reaction, recovery of phosgene, and gase- 
ous emissions control. 

The reactor 21 is maintained at an average 
outlet temperature of generally between 0° and 
70*0., and preferably between 0° and BO^C. Most 
preferably the temperature is between 5(f and 
65°C. at the outlet and between 15X. and 4(rc., at 
the inlet The pressure may range between about 
0 and 10,3 bar (150 psig), preferably between 0 
and 3,5 bar (50 psig); and most preferably be- 
tween 2,1 bar (30 psig) and 2,5 bar (36 psig). 

A liquid product comprising primarily ethyl 
chlorothioformate, together with some unreacted 
starting materials and small amounts of by-pro- 
duct such as diethyl disulfide, is removed from 
the lower portion of reactor 21 in line 25. The rate 
of removal of liquid product in line 25 Is con- 
trolled, for instance by a liquid level control or by 
passing the liquid product In line 25 through an 
upleg 26 which extends high enough to cause 
sufficient back pressure on the reactor to maintain 
the pool of liquid in the upper portion of reactor 
21 above the upper ends of substantially all the 
tubes. The liquid product in line 26 is then passed 
to downstream apparatus 27. If the reaction in 
reactor 21 is not sufficiently complete, and sub- 
stantial amounts of unreacted starting materials 
are contained In the liquid product in line 26, 
equipment 27 may be a second reactor for further 
reaction of ethyl mercaptan with phosgene, as 
shown in U.S. Patent 4,119,659. Products are 
removed in line 28 and passed downstream for 
separation or further treatment. If, on the other 
hand, reaction is sufficiently complete, equipment 
27 may be a separator in which the product ethyl 
chlorothioformate, is removed from the other 
materials in line 26. These other materials, com- 
prising primarily unreacted phosgene and/or 
ethyl mercaptan may then be recycled in line 29 to 
join the liquid in line 20. 

The following examples serve to illustrate the 
conduct of processes according to this invention. 

Example 1 (prior art) 

A reactor system is utilized as shown in Figure 
2, having a capacity for production of about 
16 800 kg (37,000 lbs.) per day of ethyl 



chlorothioformate. The reactor is a tubular upflow 
reactor, with the tubes packed with activated 
carbon catalyst 
Into the reactor, corresponding to reactor 11 of 

5 Rgure 2 are fed 10,2 kmoi/h (22;4 Ib.-moles/h). of 
phosgene and 9,24 kmol/h (20.4 Ib.-moles/h). of 
ethyl mercaptan. The reactor is operated at an 
inlet temperature of IS— 40*C., an outlet tempera- 
ture of 50— 65°C., and an outlet pressure of 

to 2,1—2,5 bar (30—36 psig). Conversion of ethyl 
mercaptan to the chlorothiofonmate is about 60%. 
The product after removing the unreacted raw 
material is produced In 98% purity, containing 
0.5—1% diethyl disulfide and 1% diethyl 

75 dithiocarbonate. 

Example 2 

A reactor Is utilized as in Rgure 3, according to 
this invention. This reactor has the same number 

20 of tubes, is the same size and contains the same 
amount of carbon catalyst as the reactor in 
Example 1. However, the capacity of production 
for this reactor Is about 25 800 kg (57,000 lbs.) per 
day of ethyl chlorothioformate. This reactor is 

25 operated in the flooded downflow mode with the 
tubes packed with activated carbon catalysts. 

Into the reactor, corresponding to the reactor 21 
of Rgure 3, are fed 10,1 kmol/h (22.4 Ib.-moles/h) 
of phosgene and 9,2 kmol/h (20.4 lb.-moles/h) of 

30 ethyl mercaptan. The reactor is operated at an 
inlet temperature of 15— 40°C,. and an outlet 
temperature 50— 65X, and an outlet pressure of 
2,1— 2,5-bar (30—36 psig). 
Conversion of ethyl mercaptan to the 

35 chlorothioformate is about 90%. After removing 
the unreacted raw materials the product is pro- 
duced in 98% purity, containing 0.5% diethyl 
disulfide and less than 1% diethyl dithiocarbo- 
nate. 

40 

Example 3 

A two-reactor system is utilized as shown in 
Rgure 6, having a capacity for production of 
about 77,500 kg (171,000 lb. per day of ethyl 

45 chlorothioformate. The first reactor is a tubular 
flooded downflow reactor, with the tubes packed 
with activated carbon catalyst. The second reactor 
is a packed bed reactor containing a bed of carbon 
catalyst and is operated as an upflow reactor. Into 

50 the first reactor, corresponding to reactor 21 are 
fed 30,4 kmol/h (67.2 Ib.-moles/h) of phosgene 
and 27,7 kmol/b (61.2 Ib.-moles/h) of ethyl mer- 
captan. 

The reactor is operated at an inlet temperature 
55 of 15— 40X., an outlet temperature of 50— 65*C., 
and an outlet pressure, of 2,1—2,5 bar (30—36 
psig). The products from the first reactor are fed 
into the lower portion of the second reactor 27 
together with a recycle stream containing 14,5 
60 kmol/h (32.1 Ib.-moles/h) of phosgene and 6,4 
kmol/h (14.1 Ib-moles/h) of ethyl chlorothiofor- 
mate. The second reactor is operated in an inlet 
temperature of 18— 26°C., an outlet temperature 
of 33— 49°C. and an outlet pressure of 1,6—1,9 bar 
65 (24—28 psig). 
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Conversion of ethyl mercaptan to the 
chlorothioformate is 94%. The product is pro- 
duced in 98% purity, containing 0.5% diethyi 
disulfide and less than 1% diethyl dithiocarbo- 
nate. s 

1. A method for conducting a liquid phase 
chemical process in which a feed containing at io 
least one liquid is introduced into a vessel con- 
taining a plurality of packed, vertically arranged 
tubes and In which at least one liquid product and 

at least one gaseous product are obtained, com- 
prising fs 

a) introducing the liquid feed into the vessel at a 
point above the upper ends of the tubes; 

b) removing a gaseous product from the upper 
portion of the vessel above the upper ends oif the 
tubes; and 20 

c) removing a liquid product from the vessel 
characterized in that the liquid product is re- 
moved from the lower portion of the vessel so as 
to maintain the level of liquid m the vessel above 

the upper ends of the tubes substantially through- 2S 
out the Interior of the vessel. 

2. A method according to Claim 1 in which the 
liquid product is removed in step (c) in a con- 
trolled manner in response to signals generated 

by a sensing device located in the upper portion 30 
of the vessel above the upper ends of the tubes. 
Indicating the liquid level therein. 

3. A method according to Claim 1 in which the 
removal of liquid product in step (c) is controlled 

by passing liquid product through a vertical upleg 3S 
line, with the height of said leg being determined 
so as to maintain the liquid level in the vessel 
above the upper ends of the tubes substantially 
throughout the interior of the vessel. 

4. A method according to Claim 1 in which the 40 
feed contains a mixture of liquids. 

5. A method according to Claim 1 in which the 
chemical process which is carried out is a 
chemical reaction, and the packing contained in 

the tubes is a particulate catalytic materiaf. 45 

6. A method according to Claim 5 in which the 
chemical process is an exothermic chemical reac- 
tion in which undesirable by-product formation 
may result from poor temperature control. 

7. A method according to Claim 5 in which the so 
liquid product removed in step (c) is further 
treated to separate said liquid product from un- 
reacted starting material liquid, and unreacted 
starting material liquid is recycled to step (a). 

8. A method according to Claim 5- in which the 55 
liquid feed comprises a mercaptan having the 
formula RSH in which R Is alkyi, lower cycloalkyi, 
lower cycloalkyl-methyl, lower alkenyl, phenyl, 
chloro-substituted phenyl, benzyl, or chloro-sub- 
stituted alkyI in which the chloro substituent is 60 
situated at least as far as the gamma carbon 
atom, with respect to the sulfur atom, and 
phosgene, and the liquid product comprises a 
chlorothioformate having the formula RSCOCl, in 
which R is defined as above. es 
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9. A method according to Claim 8 in which the 
gaseous product comprises hydrogen chloride 
and optionally phosgene. 

10. A method according to Claim 8 in which 
liquid chlorothioformate product removed from 
step (c) is separated from unreacted liquid mer- 
captan, and the tatter is recycled to step (a). 

Patentanspruche 

1. Verfahren zum DurchfOhren eines chemi- 
schen Prozesses mit einer Flussig phase, bei 
welchem eine Beschickung mit mindestens einer 
Russigkeit in ein Gefafi mit einer Vielzahl von 
vertikal angeordneten Fullkdrperrohren eingelei- 
tet wird und bei welchem mindestens ein flussi- 
ges und mindestens ein gasformiges Erzeugnis 
erhatten werden, durch 

a) Einleiten der flussigen Beschickung in das 
GefaS an einer Stelle, die uber den oberen Enden 
der Fullkorperrohren liegt; 

b) Abfuhren eines gasfdrmigen Erzeugnisses 
aus dem oberen Tell des GefaBes uber den 
oberen Enden der Fullkorperrohren und 

c) Abfuhren eines flussigen Erzeugnisses aus 
dem Gef3ll, 

dadurch gekennzeichnet, dafi das flussige Er- 
zeugnis aus dem unteren Teil des GefaGes abge- 
fiihrt wird, so daB der Pegel der Russigkeit im 
Gefdii uber den oberen Enden der Fullkorperrdh- 
ren fast uber das gesamte Innere des Gef3Bes 
aufrechterhalten wird. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das flussige Erzeugnis im Schritt (c) 
in einer gesteuerten Weise in Antwort auf Signale 
abgefiihrt wird, die von einer im oberen Teil des 
Gefaftes uber den oberen Enden der Fullkorper- 
rohren angeordneten Sensoreinrichtung erzeugt 
werden und den Russigkeitspegel darin anzeigen. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dal^ das Abfuhren des flussigen Erzeug- 
nisses in Schritt (c) dadurch gesteuert wird, daB 
das flussige Erzeugnis durch eine senkrechte, 
nach oben fuhrende Aufwartsleitung gefuhrt und 
die Hdhe der AufwSrtsleitung so bestimmt wird, 
dafi der FIQsslgkeitspegel im GefaB uber den 
oberen Enden der Fullkdrperrohren fast ganz Qber 
das gesamte Innere des GefSBes aufrechterhalten 
wird. 

4. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, da(^ die Beschickung eine Mischung von 
Flussigkeiten enthalt. 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, da(i der chemische ProzeiJ in einer 
chemischen Reaktion ausgefuhrt wird und daft 
die in den Rohren enthaltenen Fulikorper aus 
einem sich aus Einzelteiien zusammensetzenden 
katalytischen Material bestehen. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, dafi der chemische Prozefi in einer 
exothermen Reaktion veri3uft, in welcher eine 
unerwunschte Nebenproduktbildung. sich aus 
einer schwachen Temperaturkontrolle ergeben 
kann. 

7. Verfahren nach Anspruch 5, dadurch gekenn- 
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zeichnet, da& das in Schritt (c) abgefuhrte flussige 
Erzeugnis wetter behandelt wird, um das flussige 
Erzeugnis von unreagiertem, flussigem Aus- 
gangsmaterial zu trennen, wobei das unreagierte 
flussige Ausgangsmaterial wieder dem Schritt (a) 
zuruckgefuhrt wird. 

8. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, dai^ die flussige Beschickung ein Mer- 
captan mit der Formel RSH aufweist, in welcher R 
ein AlkyL ein niedenA^ertiges Cycloalkyl, ein nie- 
derwertiges Cycloaikylmethyl, ein niederwertiges 
Alkenyl, Phenyl, chlorsubstituiertes Phenyl, Benzyl 
Oder chlorsubstituiertes AlkyI ist, in welchem der 
Chlorsubstituent mindestens soweit wie das Gam< 
makohlenstoffatom in Bezug auf das Schwefela- 
tom und Phosgen angeordnet ist, und das flussige 
Erzeugnis ein Chtorthioformiat mit der Formel 
RSCOCI aufweist, in welcher R wie zuvor definiert 
ist. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daS das gasformlge Erzeugnis Chlorwas- 
serstoff und nach Wahl Phosgen aufweist 

10. Verfahren nach Anspruch 8, dadurch ge- 
kennzeichnet daS das aus Schritt (c) abgefuhrte 
flussige Chlorthioformiat-Erzeugnis von unrea- 
giertem, flussigem Mercaptan getrennt und das 
letztere wieder dem Schritt (a) zugefOhrt wird. 

Revendlcatjons 

1. Une mdthode de conduite d'un procid6 
chimique en phase liquid dans lequel on introduit 
une charge contenant au moins un liquide dans un 
recipient contenant un certain nombre de tubes 
garnis disposes verticalement et dans lequel on 
obtient au moins un produit liquide et au moins un 
produict gazeux, consistent k: 

a. — introduire la charge liquide dans ie recipient en 

un point situe au-dessus des extremites supe- 
rieures des tubes; 

b. ^retirer un produit gazeux de la partie sup^- 

rieure du r§ctpient au-dessus des extremites 
superieurs des tubes; et 

c. — retirer un produit liquide de la partie inferieure 

du recipient de fagon contrdler et de fagon a 
maintenir Ie niveau du liquide dans Ie recipient 
^ un niveau superieur aux extremites supe- 
rieures des tubes sensiblement ^ travers I'inte- 
rieur du recipient, 

caract^rise en ce que Ton retire Ie produit liquide 
de la partie Inferieure du ricipient de fagon h 
maintenir Ie niveau de liquide dans Ie recipient au- 
dessus des extr^mitis superieures des tubes 
sensiblement ^ travers tout I'interieur du recipient. 



2. Une m^thode selon la revendication 1, dans 
laquelle on retire Ie produit liquide dans i'dtape (c) 
de fagon contrdlee en r^ponse d des signaux 
produits par un dispositif capteur situS dans la 

5 partie supSrieure du recipient au-dessusdu niveau 
des extremites superieures des tubes et qui indl- 
que Ie niveau du liquide qui s'y trouve. . 

3. Une m^thode selon la revendication 1, dans 
laquelle {'enlevement du produit liquide dans 

10 I'etape (c) se contrdle en faisant passer Ie produit 
liquide k travers la branche montante d'une 
conduite verticale, la hauteur de cette branche 
etant d^terminee de fagon a maintenir Ie niveau de 
liquide dans Ie recipient au-dessus du niveau des 

75 extremites superieures des tubes, sensiblement h 
travers tout I'interieur du recipient 

4. Une mSthode selon la revendication 1, dans 
laquelle la charge contient un melange de liquide. 

5. Une mdthode selon la revendication 1, dans 
20 laquelle le proc^dS chimique qui est mis en oeuvre 

est une reaction chimique et la garniture contenue 
dans les tubes est constitute d'un materiau cataly> 
tique en fines parttcules. 

6. Une methode selon la revendication 5, dans 
25 laquelle le procedd chimique est une reaction 

chimique exothermique dans laquelle la formation 
de sous-produits indesirabies peut %tre causae par 
un mauvais contrdle de la temperature. 

7. Une methode selon la revendication 5, dans 
30 laquelle le produit liquide retiree dans I'dtape (c) 

est soumis un traitement supplemental re pour 
separer ce produit liquide du produit liquid initial 
n'ayant pas reagi et le produit liquide initial 
n'ayant pas reagi est restitue par I'etape (a). 

35 8. Une methode selon la revendication 5, dans 
laquelle la charge de liquide comprend un mercap- 
tan de formule RSH dans laquelle R reprtsente un 
radical alkyi, cycloalkyle inferieur, cycloalkyle me- 
thyle inferieur, alkenyle inferieur, phenyle, phe- 

40 nyle substitue par du chlore, benzyle ou alkyle 
substitue par du chlore dans lequel le substituant 
chlore est dispose au moins h la meme distance 
que I'atome de carbone situe en gamma par 
rapport k Tatome de soufre, et du phosgdne, et le 

45 produit liquide comprend un chlorothioformate de 
formule RSCOCI dans laquelle R est tel que defini 
ci-dessus. 

9. Une methode selon la revendication 8, dans 
laquelle le produit gazeux comprend de I'acide 

^ chlorhydrique et eventuellement du phosgdne. 

10. Une methode selon la revendication 8, dans 
laquelle le chlorothioformate liquide produit en- 
leve dans retape (c) est stpare du mercaptan 
liquide qui n'a pas reagi et on recycle ce dernier 

55 dans retape (a). 
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